OBJECTIVE: Adipocyte hypertrophy combined with hyperplasia, observed during the growth of adipose tissue in obesity, might promote the occurrence of hypoxic areas within the tissue. The aim of the present study is to assess the influence of hypoxia on the expression and secretion of adipocyte-derived proangiogenic factors. DESIGN AND METHODS: Differentiated 3T3-F442A adipocytes were submitted either to ambient hypoxia (5% O 2 ) or to chemically induced hypoxia by treatments with cobalt chloride or desferrioxamine. The activities of the matrix metalloproteinases 2 and 9 (MMP-2 and -9) were determined by gelatin zymography. The expression of vascular endothelial growth factor (VEGF), hypoxia inducible factor 1 a (HIF-1a), leptin, MMP-2 and -9 were studied by the use of Western blotting and RT-PCR analyses. RESULTS: Low oxygen pressure exposure and hypoxia mimics treatments were associated with increased glucose consumption and release of lactate in differentiated 3T3-F442A adipocytes. They also led to an upregulation of the expression of leptin, VEGF and MMPs. An enhanced accumulation of HIF-1a protein was observed in the hypoxic adipocyte nuclei. CONCLUSION: Hypoxia, in adipocytes, markedly enhances the expression of leptin, VEGF and MMPs and stimulates the HIF-1 pathway. The present data demonstrate that hypoxic adipocytes express more proangiogenic factors and suggest that hypoxia, if occuring in adipose tissue, might be a modulator of the angiogenic process.
Introduction
Angiogenesis corresponds to the formation of new vessels from the pre-existing vascular network. This phenomenon, critical for embryonic development, still occurs in the adult and plays a key role in physiological (reproductive cycle in women) and pathophysiological remodeling processes (wound healing, atherosclerosis, tumor growth or metastasis formation). 1 Angiogenesis is also strongly suspected of promoting non-neglasic tissue growth and particularly excessive adipose tissue development leading to obesity. It is thus tempting to speculate that inhibition of the angiogenic process might be an interesting approach to reduce fat mass development. A recent work supports this hypothesis since Rupnick et al 2 have demonstrated that antiangiogenic treatments performed on several murine models of obesity resulted in significant body weight and adipose tissue loss. However, the regulation of angiogenesis in adipose tissue is still not well characterized. In vitro studies have identified various proangiogenic factors produced by the adipocytes and involved in different steps of the angiogenic process. We and others have demonstrated the inductive effects of leptin on endothelial cell proliferation and migration. 3, 4 Recently, we have shown that adipocytes produce gelatinase matrix metalloproteinases (MMPs), MMP-2 and -9, 5 both enzymes known to enhance the degradation of the basement membrane and extracellular matrix allowing endothelial cell migration as well as proangiogenic factor release. 6 Besides leptin and MMPs, adipocytes also secrete vascular endothelial growth factor (VEGF). 7 It is thus suggested that, through secretion of proangiogenic factors, adipocytes may directly affect the growth and organization of the surrounding endothelial cells. However, there are no data available concerning mechanisms regulating adipocyte proangiogenic factor secretion during adipose mass growth.
Hypoxia is known to be a potent angiogenic inducer particularly in tumor progression. 8 The best described hypoxia-dependent signaling pathway involves the activation of hypoxia inducible factors (HIFs), heterodimeric transcription factors consisting of a hypoxia-sensitive a subunit (HIF-1a, -2a) and a constitutive b subunit (ARNT/ HIF-1b, ARNT-2). 9 Excessive adipose mass development involves adipocyte hypertrophia, due to increased lipogenesis associated with decreased lipolysis, as well as enhanced proliferation and differentiation of preadipocytes into adipocytes. 10 Adipocyte hypertrophy, that leads to the formation of cells with a diameter up to 150 mm, might favour the presence of local hypoxic areas within the adipose tissue since the diffusion limit of oxygen is considered at 100 mm. Although the occurrence of hypoxic areas in growing fat pads remains to be demonstrated, hypoxia might be a promotor of angiogenesis in adipocytes.
We performed the present study to determine whether hypoxia regulates the expression of various adipocytesecreted proangiogenic factors in the established murine preadipocyte model, the 3T3-F442A cell line. Differentiated cells were submitted to three different hypoxic stimuli: low oxygen pressure (5% O 2 ), cobalt chloride (CoCl 2 ) and desferrioxamine (DFO), both hypoxia mimics. 11, 12 We demonstrated that hypoxia upregulated VEGF and leptin expression and was associated with a higher accumulation of HIF-1a in hypoxic preadipocyte nuclei. MMP-2 and -9 activities were also induced.
Materials and methods

Materials
Chemicals were obtained from Sigma (Saint Quentin Fallavier, France) and cell culture reagents from either Life Technologies (Cergy Pontoise, France) or Roche Diagnostics (Meylan, France). Primary antibodies were purchased from Santa Cruz Biotechnology (Le Perray-en-Yvelines, France) for the polyclonal rabbit antibody directed against VEGF and from Abcam (Novus Biologicals, Littleton, USA) for the polyclonal mouse antibody directed against the a subunit of HIF-1a. Peroxidase-conjugated antibodies were from Chemicon (Euromedex, Souffelweyersheim, France) and the enhanced chemiluminescence (ECL) kit from Pierce (Bezons, France). The prestained protein marker and the protein determination kit were obtained from Bio-Rad (Ivry/Seine, France). Protease inhibitor tablets (Complete mini) were from Roche (Meylan, France). Lactate and glycerol concentration, lactate dehydrogenase (LDH) activity and glucose release were determined using kits from Sigma (Saint Quentin Fallavier, France) and from Biotrol Diagnostics (Chennevières, France), respectively. Determination of leptin protein level was performed using an ELISA kit specific for murine leptin (R&D Systems, Wiesbaden-Nordenstadt, Germany). RNA concentration was determined using Ribogreen (Molecular Probes, Leiden, Netherlands).
Cell culture and treatments
Cells from the 3T3-F442A murine preadipocyte cell line were seeded at a density of 1500 cells/cm 2 . Cells were cultured until confluence in medium composed of DMEM supplemented by 10% of donor calf serum and an antibiotic mixture (50 U/ml penicillin and 50 ml/ml streptomycin) in an atmosphere of 95% air-5% CO 2 at 371C. When confluent, the cells were differentiated in DMEM containing 10% fetal calf serum supplemented with 50 nmol/l insulin. The differentiating medium was changed every 2 days.
After 6 days in the differentiating medium, the cells were rinsed with PBS. At this state of differentiation, 3T3-F442A murine adipocytes were shown to express the proangiogenic factors studied here. 5 Adipocytes were placed in insulin-and serum-free DMEM containing 0.1% BSA and submitted, or not, to chemical or ambient hypoxia during the indicated times. Chemical hypoxia was induced by adding 1 mmol/l of CoCl 2 or 100 mmol/l of DFO to the cells maintained in normoxic conditions. Both compounds were diluted in insulin-free DMEM supplemented with 0.1% BSA. A preliminary study was performed to determine the optimal dose of each hypoxia mimic required to induce a maximal cell response (personal data). Untreated cells maintained in normoxia for the same time-period of treatment were used as controls. For ambient hypoxia, cells were incubated in a temperature-and humidity-controlled environmental chamber with an atmosphere containing 5% CO 2 , 5% O 2 , balance N 2 . For each time-period incubation in low oxygen pressure, appropriate controls corresponding to cells maintained in normoxic atmosphere (95% air-5% CO 2 ) were performed in parallel. Conditioned media were then collected and stored at À201C until analysis. Cells were rinsed twice with PBS and frozen at À201C. To assess a putative toxicity of treatments, we determined the LDH activity in the conditioned media.
Determination of MMP activity by zymography MMP-2 and -9 gelatinase activities were identified by electrophoresis in the presence of SDS in 10% polyacrylamide gels containing 1 mg/ml gelatin. Conditioned media (20 ml) were loaded directly on gels and, after electrophoresis, proteins were renaturated in 2.5% Triton X-100 (15 min incubation repeated twice). Gels were incubated at 371C for 16 h in 50 mmol/l Tris-HCl (pH 8.5), 0.02% NaN 3 , and 5 mmol/l CaCl 2 to allow the enzymes to digest the gelatin. After incubation, the gels were stained with Coomassie Blue and clear areas indicated the presence of gelatinolytic activity. After scanning densitometry, gels were quantified using the NIH Image program (developed at the US National Institute of Health).
Protein extraction and Western blot analysis
Total cell proteins were extracted in 100 ml of lysis buffer containing 20 mmol/l Tris-HCl (pH 7.5), 1% Nonidet P-40, After centrifugation (1000 g, 5 min, 41C), the nuclei were isolated by resuspension of the cell pellets in 100 ml of buffer A (plasmic membrane lysis buffer) (10 mmol/l HEPES, 10 mmol/l KCl, 0.1 mmol/l EGTA, 0.1 mmol/l EDTA, 0.1 mol/ l dithiotreitol (DTT), 10 mg/ml phenylmethylsulfonyl fluoride (PMSF) and a mixture of protease inhibitors). After 15 min in ice, 8 ml of 10% Nonidet P-40 was added. After centrifugation (17 000 g, 30s, 41C), the pellet-containing nuclei was disrupted by adding 30 ml of a buffer B (nuclear envelope lysis buffer) containing 20 mmol/l HEPES (pH 7.9), 0.4 mol/l NaCl, 0.1 mmol/l EGTA, 0.1 mmol/l EDTA, 0.1 mol/ l DTT, 10 mg/ml PMSF and a cocktail of protease inhibitors. The lysates, after shaking for 15 min at 41C, were centrifuged at 17 000 g for 5 min at 41C. The supernatants containing the protein nuclear extracts were then collected. Protein concentrations were determined using a protein determination kit. 30 to 40 mg of proteins were separated by SDS-PAGE under denaturing conditions. After transfer to nitrocellulose membranes, Ponceau staining was performed to verify the equal loading of the lanes. Membranes were then blocked overnight at 41C with a blocking buffer (50 mmol/l Tris-HCl (pH 7.5), 200 mmol/l NaCl, 0.05% polyethylenesorbitan monolaurate (Tween), 3% BSA and 10% horse serum). They were incubated with a primary antibody for 90 min, rinsed, blocked for 40 min and incubated with the secondary antibody for 60 min. The immunocomplexes were visualized using the chemiluminescence reagent kit. The autoradiographs were scanned by an imaging densitometer and quantified using the NIH Image program.
RNA extraction and RT-PCR analysis
Total RNAs were extracted from 3T3-F442A cells according to the method of Chomczynski and Sacchi. 13 RNA concentrations were determined using a fluorimetric assay (Ribogreen). For reverse transcription (RT), 2 mg total RNA was incubated with 200 U reverse transcriptase (SuperScript II, Gibco), dNTP (0.5 mmol/l), oligo(dT) (25 ng/ml), DTT (0.01 mol/l) and reaction buffer in a final volume of 20 ml at 421C for 50 min and then at 701C for 15 min. In some reaction mixtures, enzyme was omitted to ensure the absence of amplification of contaminating genomic DNA, which was always the case in the present study. After a final denaturation at 941C for 4 min, 10 ml cDNA was subjected to PCR consisting of a denaturation at 941C for 1 min followed by 1 min of annealing at T1C (depending on the target gene) and 90 s of elongation at 721C for n cycles. The last cycle ended with 7 min of elongation at 721C. The annealing temperature (T) and number (n) of PCR cycles was optimized for each pair of primers: MMP-2 and -9, leptin and glyceraldehyde-3-phosphate dehydrogenase (GAPDH): 561C, The PCR contained 0.4 mmol/l of each primer, dNTP (0.2 mmol/l), MgCl 2 (1.5 mmol/l) reaction buffer and 5 U Taq polymerase (Promega) in a final volume of 50 ml. The amplified cDNAs were size-fractioned by 1.5% agarose gel electrophoresis, visualized under UV with a 1% ethidium bromide staining. The gels were scanned and analyzed using the NIH Image program. Individual data were calculated as means of independent experiments and expressed as the ratio of MMP-2, MMP-9, leptin or VEGF over GAPDH expression.
Statistics
Results are expressed as control percentage7s.e.m. from (n) independent experiments. Statistical analysis was performed using Student's t-test for unpaired data or one-way ANOVA followed by the Bonferroni t-test when appropriate. Values of Po0.05 were considered statistically significant.
Results
Metabolic adaptative response of 3T3-F442A adipocytes to low oxygen pressure and chemical hypoxia At 6 days after confluence, differentiated 3T3-F442A adipocytes were cultured in 5% O 2 atmosphere or maintained in normoxia for 24 h. In parallel, cells were or not treated with hypoxia mimics (1 mmol/l CoCl 2 or 100 mmol/l DFO) for 24 h. To assess the potential toxicity of the applied treatments, the activity of the LDH was determined in the conditioned media. No significant LDH activity was detected whatever the treatment (data not shown), which implies the absence of cell suffering in response to ambient or chemical hypoxia. As one of the hallmarks of hypoxic cells is to enhance anaerobic metabolism, 15 we determined extracellular lactate release and glucose uptake from the conditioned media. As shown in Figure 1 , hypoxic treatments significantly increased the secretion of lactate ( Figure 1a ): two-fold increase in response to ambient hypoxia and 20% increase in response to both hypoxia mimics, CoCl 2 and DFO, compared to untreated cells maintained in normoxia for the same time period. The glucose uptake of 3T3-F442A cells (Figure 1b ) was also markedly enhanced: 30% increase in 5% O 2 atmosphere or after treatment with CoCl 2 and two-fold enhancement in response to DFO. In the same conditions, the secretion of
Effects of hypoxia on adipocyte secretory function K Lolmède et al glycerol in the extracellular media, assessed as an index of the basal lipolytic activity, was not significantly modified ( Figure 1c) . Moreover, no alteration of the expression of the hormone-sensitive lipase (HSL), the rate limiting enzyme of the lipolytic process, was evidenced whatever the hypoxic treatment ( Figure 2a) . Thus, in hypoxic conditions (real or mimicked with CoCl 2 or DFO), the metabolism of the differentiated 3T3-F442A adipocytes switched to anaerobic metabolism, but without alteration of the basal lipolytic activity.
Effects of ambient and chemical hypoxia on the protein levels of VEGF and leptin and on the activity of MMPs in differentiated adipocytes To determine whether hypoxia regulated in differentiated adipocytes the expression of VEGF and of leptin, 3T3-F442A cells were incubated under 5% O 2 atmosphere or maintained in normoxia for 24 h. In parallel, cells were or not submitted to 1 mmol/l CoCl 2 or 100 mmol/l DFO for 24 h. Western blot analyses were performed on total cellular protein extracts using an antibody directed against the VEGF. As shown in Figure 2b , the amounts of the VEGF protein were significantly increased in response to both low oxygen pressure or hypoxia mimics (from 1.5-to two-fold increase in cells cultured in hypoxic conditions compared to untreated cells maintained in normoxia for the same time period, n ¼ 3, Po0.05). As the level of leptin secretion in differentiated 3T3-F442A cells is very low and could not be detected by ELISA analyses performed on conditioned media (data not shown), the influence of hypoxia on leptin secretion could not be studied.
To assess the effect of hypoxia on the activity of MMP-2 and -9, differentiated adipocytes were placed in 5% O 2 atmosphere for 2, 4, 8 or 24 h or maintained for the same time period in normoxia. In parallel, cells were or not submitted to 1 mmol/l CoCl 2 or 100 mmol/l DFO for 24 h. The gelatin zymography performed on conditioned media clearly showed that in cells cultured in ambient hypoxia, the gelatinase activity of MMP-2 and -9 was increased compared to cells maintained in normoxia for the same time-period (Figure 3) . Interestingly, the extent of the enhancement in MMP activity was maximal after 2 h-period in low oxygen pressure. The stimulatory effect of hypoxia was less pronounced with increasing time period of incubation in hypoxic atmosphere but still remained present. In parallel, gelatin zymography performed on the media of cells treated with CoCl 2 or DFO for 24 h, also evidenced that both Effects of hypoxia on adipocyte secretory function K Lolmède et al hypoxia mimic treatments led to an increase in MMP-2 and -9 activity compared to untreated cells ( Figure 3 ). It can be noticed that similarly to ambient hypoxia, chemical hypoxia had a more pronounced regulatory effect on MMP-9 than MMP-2 activity.
Effects of ambient and chemical hypoxia on the expression of VEGF, leptin and MMPs in differentiated adipocytes
To determine the effect of hypoxic conditions on the mRNA levels of the proangiogenic factors, differentiated adipocytes were placed in 5% O 2 atmosphere for 2, 4, 8 or 24 h or maintained for the same time period in normoxia. In parallel, cells were or not submitted to 1 mmol/l CoCl 2 or 100 mmol/l DFO for 24 h. RT-PCR analyses were performed on total RNAs extracted using specific primers for leptin, VEGF, MMPs and GAPDH cDNAs. GAPDH was used as internal control and the amounts of the amplified leptin, VEGF and MMPs cDNAs were normalized to the amount of the corresponding amplified GAPDH cDNAs. As shown Figure 4a , the levels of the amplified leptin cDNA were found to be increased when cells were cultured under low oxygen pressure from 2 to 8 h, with a maximal effect observed after 2 h incubation period (1.5-fold increase compared to cells maintained in normoxia for the same time period). No regulatory effect was observed when cells were cultured under low oxygen pressure for up to 24 h whereas in normoxic cells treated with the hypoxia mimics for 24 h, 1.8-to 2.5-fold (for DFO and CoCl 2 , respectively) increase in leptin expression was evidenced compared to untreated cells. Concerning the expression of VEGF, the levels of the three isoforms of VEGF (120, 164 and 188) were found to be upregulated when differentiated adipocytes were placed in 5% O 2 atmosphere for 4-8 h compared to cells maintained in Effects of hypoxia on adipocyte secretory function K Lolmède et al normoxia for the same time period (Figure 4b ). Similarly to leptin, no alteration of the VEGF mRNA amounts was observed after 24 h incubation period in ambient hypoxia whereas for the same time period, both hypoxia mimics led to an increase in VEGF expression (Figure 4b) .
Finally, concerning the expression of MMPs, no effect of low oxygen pressure was observed whatever the time period of incubation on the level of the amplified cDNAs for MMP-2 and -9 ( Figure 5 ). However, both DFO and CoCl 2 treatments of normoxic cells for 24 h were associated with a significant increase in MMP-2 and -9 mRNA amounts (1.5-to 6-fold increase for MMP-2 and -9 expression, respectively (n ¼ 3)).
Influence of low oxygen pressure and hypoxia mimics on HIF-1a protein accumulation in 3T3-F442A adipocyte nuclei To define whether hypoxic proangiogenic factor regulation was associated with HIF-1a stabilization into the adipocyte nuclei, differentiated 3T3-F442A cells were cultured in 5% O 2 atmosphere or maintained in normoxia for 2, 4, 8 or 24 h in the presence or not of 100 mmol/l DFO. Nuclear proteins were extracted, and Western blot analyses were performed using a specific antibody against HIF-1a. Both ambient and chemical hypoxia were shown to induce a time-dependent increase in the HIF-1a protein amount detected in the nuclei (Figure 6 ). The maximal increase in the accumulation of HIF-1a protein in nuclei was observed after 4 h-DFO treatment and 8 hambient hypoxia (3.5-fold increase as compared with untreated normoxic cell, Po0.01, n ¼ 4). It recovered basal levels after 24 h.
Discussion
During obesity settlement, both increases in adipocyte size and number are supposed to be supported by the extension of the local microcirculation. Although angiogenesis occurrence within growing adipose tissue still remains to be demonstrated, angiogenic properties of adipose grafts 16 as well as adipocyte-derived proangiogenic factor secretion are largely described. However, mechanisms inducing such angiogenic process are completely unknown. Inflammation 17 and hypoxia, 15 the main angiogenesis regulators described in non-neoplasic tissues, may represent two possible candidates for angiogenesis regulation in growing adipose tissue.
To study the effect of hypoxia on the secretory activity of adipocytes, experiments were performed in vitro using the well-defined cellular model of murine 3T3-F442A adipocytes whose features are closely related to those of white adipocytes when differentiated in a medium supplemented with serum and insulin.
18 3T3-F442A adipocytes were submitted to either low oxygen pressure (5% O 2 ) or to hypoxia mimics, CoCl 2 or DFO. To first determine adipocyte sensitivity to hypoxia, the glycolytic activity of 3T3-F442A adipocytes was studied. Indeed, hypoxia is known to switch the cellular metabolism to limit oxygen consumption and compensate for the ATP synthesis decrease, 15 resulting in enhanced lactate production 19 and glucose uptake. 20 Both glycolytic indexes were markedly increased in adipocytes in response to a 24 h period in low oxygen pressure or in the presence of hypoxia mimics (Figure 1a and b) . Thus, 3T3-F442A adipocytes are sensitive to both hypoxic conditions used in the present study. It has to be noticed that adipose tissue has already been described to be an in vivo lactate producer. 21 Our results suggest that the release of lactate in vivo by adipocytes might represent a relevant index of oxygen level within adipose mass. In the same conditions, no alteration of the basal lipolytic activity, assessed by the extracellular glycerol production (Figure 1c) as well as by the basal expression of HSL (Figure 2a ) was observed. This result implies that the basal lipolytic activity is independent of oxygen pressure and confirms that the hypoxic treatments do not lead to cellular toxicity as demonstrated by the lack of release of LDH activity. Moreover, it also agrees with an in vivo study reporting that hypobaric hypoxia did not alter basal lipolysis but decreased its hormonal control. Effects of hypoxia on adipocyte secretory function K Lolmède et al
In parallel, under the same conditions a marked increased in VEGF protein as well as its mRNA levels was observed, whatever the kind of hypoxia applied to the adipocytes (Figures 2b and 4b) . This is in agreement with a study performed on rat omental adipose tissue showing that hypoxia is an inducer of VEGF expression in omental adipocytes. 23 Thus, hypoxic adipocytes are able to adapt not only their metabolism but also their secretory activity to oxygen level. The adipocyte secretory activity is an emerging observation. Indeed, increasing number of studies have described the ability of adipocytes to produce and secrete numerous factors such as cytokines and growth factors. 24 Leptin is one of the most studied adipocyte-derived factor.
Our group has also recently demonstrated that adipocytes produce two gelatinase matrix metalloproteinases involved in the degradation of the basement membrane and extracellular matrix, MMP-2 and -9. 5 The present results clearly demonstrate that, in addition to VEGF expression, hypoxia also enhanced the expression of leptin (Figure 4a ) and MMPs (Figures 3 and 5) . The extent of the increase in leptin expression under hypoxic conditions is similar to that described in a recent study performed in human PAZ6 cells. 25 Concerning the effect of hypoxia on MMPs, studies performed on other cell types showed that the effects of hypoxia on MMP expression and activity are highly dependent on the duration of the treatment and on cell type. 26, 27 Under our conditions, although both chemically mimicked and real hypoxia markedly upregulated MMP-2 and -9 activity secreted in conditioned media, only hypoxia mimic treatments were associated with an increase in both gelatinase mRNAs. Different intracellular pathways specifically induced by each kind of hypoxia generating system might explain the difference between ambient and chemical hypoxia. Indeed, both hypoxia mimics are thought to act mainly by inhibiting the newly discovered oxygen-and Fe 2+ -dependent enzyme, HIF-1a prolyl-4-hydroxylase (HIF-PH), 28, 29 leading to HIF-1a stabilization and the activation of cellular hypoxia-dependent pathways under normal oxygen level. 8 However, we observed the upregulation of MMP activity under a short time period of low oxygen pressure without a concomitant increase in mRNA transcripts. This suggests that post-transcriptional mechanisms could be quickly involved, for instance an enhanced maturation involving other MMP partners such as the membrane-type (MT) 1-MMP, MMP-3 30 and/or the endogenous tissue inhibitor (TIMP-2), 31 known to be hypoxiasensitive. TIMP-2 has already been described in adipocytes, 5 but other investigations are required to clarify the presence of MT-MMP and MMP-3 as well as their role in the regulation of MMP-2 and -9 activities by hypoxia. Finally, most hypoxia-sensitive genes are regulated through the activity of the transcription factor HIF 32 which binds to hypoxia responsive elements (HREs) contained in their promoter region. 33 Therefore, we analyzed the pattern of HIF-1a protein expression in hypoxic 3T3-F442A adipocyte nuclei. Both chemical and ambient hypoxia were found to be associated with a rapid increase of HIF-1a protein amounts in nuclei ( Figure 6 ). Moreover, the time course of HIF-1a accumulation was consistent with the hypoxiainduced stabilization of HIF-1a protein. 9 Since the HRE sequence has been recently evidenced in the leptin promoter region, 34, 35 it is suggested that an HIF-1-dependent pathway Effects of hypoxia on adipocyte secretory function K Lolmède et al may be involved in the hypoxia-mediated upregulation of adipocyte-derived leptin expression as is well known for VEGF in other cell types. 36 However, HIF-1 involvement in the increase of leptin mRNA amount in response to 2 hambient hypoxia seems to be compromised as the accumulation of HIF protein into hypoxic adipocyte nuclei is significant only after 4 h in low 5% O 2 atmosphere. It can thus be supposed that leptin expression is enhanced by another hypoxia-sensitive transcription factor than HIF at least for short time period of ambient hypoxia. 37 In conclusion, 3T3-F442A adipocytes are sensitive to hypoxic conditions and adapt their secretory activity to the oxygen levels. Since VEGF, leptin and MMP-2 and -9 are factors involved in the process of angiogenesis, it is suggested that hypoxic adipocytes may increase their secretion of angiogenic factors to stimulate the formation of new blood vessels. Obesity is associated, in humans, with hyperleptinemia 38 and is due to adipocyte hypertrophy and hyperplasia. 10 Although physiological occurrence and effects of hypoxia remain to be demonstrated in growing adipose tissue, it is tempting to speculate that reduction of oxygen supply to adipocytes could initiate an increased expression of adipocyte-derived angiogenic factors and the stimulation of the neovascularization. Physiological relevance merits further investigation.
